Objective: This in vitro study compared the adhesion of two probiotics microorganisms (Lactobacillus casei Shirota and Lactobacillus acidophilus) to an artificial caries model. Method: In total, 30 bovine teeth were longitudinally sectioned, excluding the lingual half surface. The specimens were covered with nail varnish, except for an area of 3 by 5 mm in dentin, suspended in an artificial caries solution promoted by Streptococcus mutans, and incubated at 371C. After 14 days, the specimens were separated equally into two groups and transferred to a brain heart infusion culture media containing L. acidophilus (group A) and L. casei Shirota (group S), at 371C. After 48 h, the exposed area of dentin was washed with 1 ml of distilled water and the caries dentin was removed and dispersed in 1 ml of saline solution. The samples of distilled water and caries dentin were diluted and inoculated in Rogosa selective Lactobacillus agar. The results in CFU/ml were analysed by the Mann-Whitney test. Results: There was no significant difference between Groups A and S for the lactobacilli count in samples of distilled water (P ¼ 0.237). Conclusions: The amount of L. acidophilus in the artificially caries dentin was significantly superior compared to L. casei Shirota (P ¼ 0.047), suggesting an inferior adhesion potential for this microorganism.
Introduction
Probiotics agents are defined as viable microorganisms that exhibit a beneficial effect upon host's health after their ingestion, due to an improvement on the indigenous microflora properties (Havenaar & Huis In't Veld, 1992) . The most common genus of probiotics group is the Lactobacillus and species like Lactobacillus acidophilus, Lactobacillus rhamnosus and Lactobacillus casei must be highlighted for their use as dietary additives in several fermented milk products (Gomes & Malcata, 1999) .
L. casei Shirota, a microorganism found exclusively in Yakult's fermented milk, is considered a probiotic due to its ability to modulate the composition and metabolic activity of the intestinal flora (Spanhaak et al, 1998) and improve the healthy human immune system (Nagao et al, 2000) . This microorganism is capable of surviving during the passage through the gastrointestinal tract after consumption of fermented milk product containing their strain, due to its aciduric and acidogenic properties (Yuki et al, 1999) .
The lactobacilli species are also related to dental caries progression (Edwardson, 1974) and highly identified in deep caries dentin (Maltz et al, 2002) . Since the potentially cariogenic microorganisms are aciduric and acidogenic, L. casei Shirota may be a strong agent in dental caries progression, although there are no evidences of its adhesion to the dental surface.
Thus, the aim of this study was to compare the adhesion of two probiotic microorganisms, L. casei Shirota and L. acidophillus, to an artificial caries model.
Materials and methods
For this study were used 30 bovine teeth. The removal of remaining periodontal tissue was performed by dental debridment. The teeth were sectioned transversely to eliminate the roots and longitudinally to exclude the lingual half due to its poor dentin thickness. An area of exposed dentin to be used for the development of the artificial caries model was obtained. As the specimens would be hung in liquid medium, the teeth were perforated in their most cervical portion of the crown and a 20-cm long orthodontic wire was adapted to them.
Each specimen was coated with varnish acid-resistant, leaving only a dentinal area of 3 by 5 mm, standardized by a resin-made device with these dimensions. The 30 specimens were adapted to a wire netting on the top of a beaker with 200 ml of distilled water. After sterilization of the whole set, specimens-wires-wire netting, the suspended specimens were transferred aseptically to another beaker filled with 200 ml of a modified artificial caries solution (brain heart infusion culture media supplemented with yeast extract, 0.5% of glucose, 1% of sucrose and 2% of young primary culture broth of S. mutansD10 8 cells/ml) (Klein et al, 1999) .
The specimens were incubated at 371C in a candlejar (GasPack system). At every 48 h, the specimens were transferred to another beaker containing a new artificial caries solution inoculated with young culture mediums of S. mutans. After 14 days, four specimens were submitted to microbiological analysis to confirm the absence of contamination by any Lactobacillus species. The remainder specimens were randomly divided and transferred to different beakers. In beaker 'A', 13 specimens were immersed in 200 ml of culture broth (7.4 g of brain heart infusion and 1 g of yeast extract) added by L. acidophilus, and in beaker 'S' 13 specimens were immersed in 200 ml of culture medium (7.4 g of brain heart infusion and 1 g (of yeast extract) added by L. casei Shirota.
After 48 h of incubation at 371C, the exposed caries dentin of all specimens was rinsed individually with 1 ml of sterile distilled water to remove the microorganisms present in this area. These water samples were flowed into empty sterile tubes and two groups were obtained: group A-water and group S-water, the rinse water from the beaker A and S specimens, respectively. In order to complete the specimens surface cleansing, they were totally immersed in a beaker containing sterile distilled water under stirring for 15 s.
With sterile excavator, a caries dentin chip was removed from each specimen of both beakers and introduced in tubes containing 1 ml of 0.15-M sterile saline solution. The tubes were mixed for 1 min to detach the microorganisms from dentin. These samples were identified as group A-dentin and group S-dentin, according to the origin beaker.
The samples of group A-water, group S-water, group Adentin and group S-dentin, were 10-fold diluted in sterile saline solution. Subsequently, 25-ml aliquots were inoculated in Rogosa selective Lactobacillus agar for 48 h at 371C (Rogosa et al, 1951) .
The colony-forming units (CFU) count was considered only in dilutions ranging between 30 and 300 colonies. Statistical analyses were preformed with the SPSS software (release 10.0) by the Mann-Whitney's nonparametric test (a ¼ 0.05)
Results
The values obtained in lactobacilli counts were expressed at Log 10 , due to the widely scattered data. The constant 10 was added to all CFU/ml because many results showed zero count after the experimental period.
The results analysis showed that there were no statistically significant difference (P ¼ 0.237) between microorganism counts in group A-water and group S-water. However, the number of L. acidophilus in group A-dentin were significantly higher than group S-dentin (P ¼ 0.047) ( Table 1) .
The comparative analyses of L. acidophilus and L. casei Shirota count in distilled water and in caries dentin demonstrated a higher amount of microorganisms in water than in dentin samples (P ¼ 0.007 and P, respectively) ( Table 2 ).
Discussion
The intake of food added with probiotic bacteria has widely increased in the market due to their therapeutic and nutritive properties. It is possible to observe beneficial effects provided by these microorganisms, like better digestion, better use of lactose, antagonic action against enteric pathogenic agents, anticarcinogenic action and immune modulation (Marteau & Rambaud, 1993; Yaeshima, 1996) . Besides, Busscher et al (2000) confirmed a reduction in bacterial growth over vocal prostheses appliances under daily intake of several lacteal products containing probiotic agents. Among the evaluated products, the Yakult's fermented milk showed the best results. Researches performed by 'Yakult Central Institute of Microbiological Research' demonstrated that L. casei Shirota are 1500 times as resistant to the gastric juice action as L. acidophilus and have the capacity to produce lactic acid by glucose degradation. Owing to these aciduric and acidogenic features, our study aimed to evaluate the dentin adhesion of L. casei Shirota, as already confirmed for L. acidophilus (Jay, 1947) . Busscher et al (1999) evaluated saliva and biofilm samples of individuals, who consumed daily 200 ml of yoghurt with L. casei and L. acidophilus and it was observed that these microorganisms were not found in these sites. The Lactobacillus are usually in low proportions in biofilm and saliva (Loesche, 1994) and they are highly identified in demineralized dental structures (Milnes & Bowden, 1985) . For this reason we opted to develop artificial caries dentin to reproduce favourable conditions to the microorganisms adhesion. Table 2 shows that L. acidophilus and L casei Shirota were present in larger amounts in distilled water when compared to caries dentin. It was verified that a lower L. casei Shirota amount was attached to caries dentin when compared to L. acidophilus (Table 1) . Since the proportions of L. acidophilus and L. casei Shirota were similar in water samples (Table 1) , these findings suggest that L. casei Shirota shows low attaching capacity to caries dentin.
The identification of L. casei Shirota adhesion to artificial caries dentin suggests that this microorganism may be related to dental caries. Nevertheless, it is not possible to establish that L. casei Shirota participates in this disease progression or even competes with pathogenic microorganisms, making difficult the development of caries lesions. Further investigations must be carried out to identify the cariogenic potential of L. casei Shirota, since the Yakult's fermented milk is a sweetish drink with a low pH (Busscher et al, 2000) that favours the caries development.
